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Safety Moment

Lifesaving Rule #1: Hazard Management
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Enbridge Lifesaving Rules CENBRIDGE
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- Each Lifesaving Rule
focuses on an area of

high risk and
Rule 1 Rule 2 Rule 3
Hazard Management Driving Safety Confined Space Entry consequence
* The rules are intended
to heighten awareness
Rule4 Rdes Rule 7

Roportthafety Bypassing Safety
Dlsturbanoo EnorgaodSystoms Incidents Controls




Life Saving Rule #1: Hazard Management ENERIDGE

| will complete a hazard assessment prior to starting work and
reassess If conditions change and new hazards are introduced.

 The assessment is meant to identify, assess and control the field-based hazards of
the work being performed

« Examples of questions to be addressed:
« Have we identified hazards today? Is it documented?
« Did everyone on the crew have an opportunity to provide input?
« Have results from the assessments been communicated to all workers?

« Do we have effective controls in place and are they in compliance to the
Enbridge Safety Manual, local legislation and the Contractors Program?
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Line 5 Update

Critical Infrastructure Great Lakes Tunnel Project

Additional Uses
ON QC / (e.g. Fiber Optics)

........

_—~—Pipeline

dl-7
ab Sarnigm

OH State P ting: EGLE' Permits Awarded
ate Fermitting. MPSC? Approval (In Progress)

Delivers on average 540 kbpd of crude and NGLs to

10 refineries in Michigan, Ohio, Pennsylvania, Federal Permitting: USACES? permit (In Progress)
Ontario and Quebec

Engineering & Design Phase

Contracting: Preparation for Construction
Phase (Commencing)

Committed to ensuring the safe and reliable delivery of essential energy supply

(1) Michigan Department of Environment, Great Lakes and Energy
(2) Michigan Public Service Commission(3) U.S. Army Corps of Engineers



Meet the Speakers ENBRIDGE

Jon Hurt Liza Dwyre Aaron Dennis
Subsurface Design WSP Owner’s Tunnel Project
Lead Engineer Lead Engineer
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Ground Conditions
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Ground Conditions

Regional Geologic Setting
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[ Point Aux Chenes Shale
[ Saint Ignace Dolomite
~ Bois Blanc Formation
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Michigan Bedrock Geology
[Data sources are the 1:500,000
maps by R.L. Milstein, 1987,
"Bedrock geology of southern
Michigan", and R.C. Reed,
"Bedrock geology of southern
Michigan", published by the
Michigan Department of Natural
Resources. |
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Ground Conditions

Hlstorlcal Data: I\/Iacklnac Brldge
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Ground Conditions

ENBRIDGE

Marine Seismic Reflection/Refraction Survey (2018)

Data is interpreted to characterize

the subsurface geologic conditions
and geologic structure

Seismic vessel
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Ground Conditions

Boring Locations
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Ground Conditions

Onshore, Nearshore, and Deepwater Borings

South Shore

Jack-up Barge DyNa
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Ground Conditions ENBRIDGE

Hydraulic Conductivity (permeabillity)

Packer Test Pump Test

| Pressure meter T Q
Data logger Flowmeter o W ate r IS p u S h e d _____ _'__‘_‘“ _S_Lalfc w;l‘iL_e_‘;_e'- W a.te r IS p U m p e d 0 ut

Ground surface

M waeran 1NTO the rock

= of the rock mass,
""" formation under
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Water pipes
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Ground Conditions

Borehole Geophysics

Acoustic Televiewer
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Optical Televiewer
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Ground Conditions

Laboratory Tests of Rock Properties
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Clent:  WsP ST
A : = N 3 Wsh
- Project : Line 5 Replacement and Tunnel Profect ) — | Progact: " Lina & Rapisiamunt ai Finns prajace | p—— Clle.n( A
GeoTe Stl ng Location:  Straics of Mackinac Project No: GTX-310187 i G T ti n (e S o ikt AR e - Project Narme: Une 5 Replacement and lunnel Project
Banng 10: BH19-15 Sample Type: cylinder Tested 8y: — Hm eoiles g Barig 07 AHIG.33 Teatec Byt M Geolest ng Profect Location:  Straits of Mackinac
EXPRESS Sample [D: LRB-005 Test Date: 07/30/19 Checked By: smd EXPRESS Sampie 10: LS Chucked Oy jar EXPRESS GTX £: 310187
Deptn:  218.0-223.07t Test Ia: 514985 Degeh : Temle: 534014 Test Date: 1772019
Test Cemment: Tat Cammen:: % 3 ¢
Visual Description Vizual Descripton: lestad Hy: wk
Samzle Commet - Sampla Cammant: Checked By: smad
: 3 Abrasiveness of Rock Using the Cerchar Method seattl sl ik
Axial Point Load Strength Index of Rock sample [0: 5
by ASTM D5731 by ASTM D7625 Cepth: 126.67-127.66
Boring ID Sample ID Depth Stylus No Reading 1 Reading 2 Average Comments.
Test No. Failure De, De, 1s, [ i |
Depth in in Load (P), sqin in psi Correction Compressive AH1G-23 | 5R-r04 177.85 1 1 11 LR 1.00
Ibs psi | Factor,K  Strength, = - —
psi
3 13 150
PLAS | 215.22- 2.36 112 285 337 .84 [ 0.565 82 I 1,610
219.21 ft - 1.1 1.28
s 13 140
Lvarzge CALZ 115
ﬂ'lél!ﬂ; . 102 T
Intact Material Failure
CERCHAR Tinclax Ib‘adlmn
Note:
Test Sutface
Moizture Tendtion. fis Rec
< I AR
Stylus Hardna: cowell Hardass 54/355 HRC
Styluz Displacernant Relatve tc Rack =l
Styll 4 3 Nommal; Styll & S: Reralky
I CAL= (0.9 7 CAL) 1 0.4
Cals = CERCAAR Indax h (zaw cut) surtaca
CAl = CERCHAS ural sdfaos
Car After cutting and grinding
Afer
Notes: Ge
The — T s Woplaciruii i — Cllent: WsP Test Date:
The H s Prope. fi GI-nETE s = Project Name: LUine S Replacement Tunnel Tested By:
De GeoTeStlng SR T :vlr)c;;“ Tosted k:‘:u' o GeOTeStl ng Profect Location Swalts of Mackinac Chacked By:
- Cale: ORI weknd g e
o TEELERSS iy Tk EXPRESS GTX 310167 Sample Type:
sl Point Load Strength Index of Rock by ASTM D
Splitting Tensile Strength of Intact Rock Core Specimens
by ASTM D3967 N Degth, Test Test  Width (W), Depth (D), Area, Pallore D D,
Bonng No.  Sample No, 3 Load (P}, 5
ft No. Type In. In. In* b in in.
S pewciniver Dwpilly Tot N Thicknwsx (L), | Dinsstve (0), v Lol (P), | Split —
in in 3 e BH19-33  LR3-001 122.85 sLL-18 ":’::“‘L‘“ 5.86 215 18.92 6124 24.09 ae
5 FLL-19
2190 Sl 1.4 239 6.9 9,553 1,800 petora
Alter break
MNotes; Generalized correction factor, K, used to estimate the compressive strength based on the speciman dapth anc ASTM D 5731 Tatle 1,
Motes:  Strain rates 2 5% min. D, = the sguivalent core diameter

ASTM reculras b thizknass bo clamaser ratio 1L

€azh bt 5pacinan te be ECkwacn 0.2 and 0.75.
riad Bicerass (L] 15 thi avieaga

i L verage o

= Irkazt Materisl Fallure:
it = Lty il gt apeh)
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I, = the uncomacted point load strength Index
F = the size correction facter
Lysz; = the size corrected point load strength Index
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Ground Conditions

Generalized Subsurface Profile

PROFILE (TRUE SCALE)
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Ground Conditions

Mackinac Breccla
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St. Anthony's Rock
Located in St. Ignace, Ml
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Ground Conditions

Generalized Subsurface Profile

PROFILE (TRUE SCALE)
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Ground Conditions

Rock Core Examples from Each Formation
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- L5RT L5RT

BHI9-09 -RB- .30'

| :1109- 135
nz i 135188

~ L5RT
BH19-17 -RB-01¢
CORERUN 32: 273 -27¢
CORERUN 23: 27§-233
CORE RUN

BH19-09-RB-001 (Wet) BH19-15-RB-008 (Wet) BH19-17-RB-016 (Wet)
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Ground Conditions

Geotechnical Evaluation
Low Likelihood Conditions Sufficient Geotechnical Data

ENBRIDGE

Deeper-than-expected buried Variable ground conditions Borings most closely spaced in
valley Some fractured, deep channel
Open voids (karst) more permeable zones Increased confidence in top
Toxic/combustible gases Claystones in Point Aux of rock elevation
Chenes - weak rock, slaking
Not anticipated — but if they occur Rock parameters influence Geologic understanding and
can be managed with some cutting tool wear and tunneling subsurface data provides a
adaptations during tunneling progress rates. sufficient basis for tunnel design

and state-of-the-practice
Managed with the specified TBM TBM specifications
and construction methods

Understanding of the geotechnical conditions shaped the design approach
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Overall Design
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Overall Design

Tunnel Boring Machine (TBM)

Rotating The machine is operated from the control room Excavated material removed
cutter head through slurry pipes

ENBRIDGE

Hydraulic rams push against newly-placed
concrete segments to drive machine forwards

'3 ! - Y = A

Pressure is maintained B Rotating arm adds pre-cast concrete | Pre-cast concrete segments
in the cutting chamber tunnel segments to form a ring delivered to rotating arm

Image courtesy of Chesapeake Bay Bridge Tunnel Project
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Overall Design

TBM Interventions

CUTTING WHEEL
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approx. 2000

MATERIAL
LOCK
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Overall Design

Vertical Alignment

PROFILE (TRUE SCALE)
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Overall Design

Horizontal Alignment
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Overall Design

Tunnel Diameter

VEHICLE
CLEARANCE ZONE
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Overall Design

Mackinaw Station Porta
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Overall Design

North Straits Shatft
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Tunnel Lining
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Tunnel Lining

Precast Concrete Tunnel Lining (PCTL)

Longitudinal
(Or Radial) Joint

Lifting Socket/
Gout Hole

Circumferencial
(or Circle) Joint
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Tunnel Lining

Precast Concrete Tunnel Lining
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Typical Rebar
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ining thickness — 15”
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Tunnel Lining

Gaskets
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Break — 10mins
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Tunnel Construction
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Intro overview

intro overview
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The shield of the TBM prevents water, soil and rock
from entering the tunnel during construction

The concrete segments are assembled into a water-
tight lining inside the shield; under the protection of
the shield. No water, soil or rock enters the tunnel
during construction

As the shield advances during tunneling three seals
prevent water from leaking inside the TBM
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Tunnel Construction

Tunnel Grouting

ENBRIDGE

As the TBM advances,
It pushes forward off
the lining and
simultaneously fills the
void behind the lining
with grout
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Tunnel Construction

TBM Face Pressure ENBRIDGE

Earth pressure

>

Bentonite slurry in
the excavation
chamber is
pressurized to
counterbalance the
water and earth
pressures that may
act on the TBM face

Water pressure

ARUP

The TBM has been designed to prevent any impact to the water in the Straits



Tunnel Construction

Separation Plant
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Primary Solids

Water Treatment Separation
BEAUEls U FEEE! 2nd Separation 2nd stage separation solid materials
Plant Plant

FiQIprass »

Vibratory sicreen

=y, .
/ 1st stage separation solid materials
_1 | .

— ‘Ij

Discharge ﬁ
_ ,'

Water refiling

| . Feed Slurry
., . 3 1
Diluting Transfer | # : Return Slurry
Filtered water Spoil slurry Surnlus :
e
Tank Tank slurrptank Drivingtank |
Poly Aluminum Chioride AL |
(PAC) dosing
Slurry mixing {
Dosage of Flocculant Flant
& Coagulant Feed Line
BM (.?p%%k

Retum Line
(slurry + Excavated material)
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Tunnel Construction

Other Construction Activities

SAAA
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Interventions
Water Treatment
Hazardous Gases
Inspections
Schedule

Disposal of Excavated
Material
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Operations

ENBRIDGE



Operations

Mackinaw Station

. Z ENBRIDGE
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Tunnel below ground

-*->

' Fan Plant Building

New security fence

New 30" line

Existing 20" line

Existing security
fence




Operations

Mackinaw Station Section View

Ground level




Operations

Existing security
fence

Existing 20” line

New security fence

A5ea3 REFER TO

—1 Existing 20" line

New 30" line

Tunnel below ground
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Operations

North Straits Shaft Section View
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Ground level




Operations

Space Proofing & Maintenance

VEHICLE
CLEARANCE ZONE

PIPELINE
MAINTENANCE AREA

-0 13M1g"
v

L 18 (BOT)

Pipeline

(N

D-0-3.6-5KMT25-1161

SPACE FOR THIRD-PARTY
UTILITIES

SUMP PUMPS

Tunnel Systems & Third-Party Utilities

Third Party Utilities

ENBRIDGE
2 Person Cab Oxygen Tanks Crane 2 Person Cab
for Breather
System

Tow Hooks and Rubber Flatbed Electric Drive
Hitch (front Tires (welder shown)  Irain & Batteries
and rear) (TBC)

Maintenance Area — accessed using
Tunnel Service Vehicle (TSV)



Operations

Tunnel Systems Operations — Minimize Entry

Tunnel Ventilation

Mackinaw Station
Fan Plant

|
NS Shaft | 'MS Shaft

KEY: ===  North Strait Shaft (Push-only Mode)
— Mackinaw Station Portal (Push-only Mode)
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Operations

Operations - Other Tunnel Systems

Tunnel Systems
Gas & leak detection

Electrical & Communications
Mine Phone
Low point sump
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Operations

Normal Operations and Maintenance Activities
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RFP Process
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Request For Proposal (RFP) Process

In Jan 2019, Awarded
Engineering and Pre-
Construction Services
contracts

Constructability input
received and incorporated
into the design

Delivery model provides for
an opportunity to contract
with the Pre-Construction
services phase contractor or
go to market

Earlier this year expression
of interest issued and
submittals reviewed

RFP is organized into two sections:

Commercial
Technical

Key documents included in
contractors RFP:

Instructions

Project scope description
Permit conditions
Specifications

Construction drawings
Geotechnical Reports
Other reference documents

ENBRIDGE

Obtain MSCA concurrence



